A novel cloning strategy, replicon rescue, was developed for cloning genes disrupted by plasmid insertions. After ligation to a tetracycline resistance cassette, fragments containing a bacterial origin of replication from the insertion are recovered in Escherichia coli because they replicate autonomously. Restriction enzymes for cloning are so chosen that the only legitimate two fragment ligation yielding Tet R clones involves a fragment spanning the boundary of the insertion. Replicon rescue was used successfully firstly in a test system to clone the chromosomal orl from a Klebsiella aerogenes strain, and secondly to recover a disrupted gene from a phototaxis-deficient mutant of Dictyostelium.
Transformation of Dictyostelium discoideum and other eukaryotic cells with integrating shuttle vectors (1,2) can result in disruption of genes either by non-targeted recombinational insertion (3) (4) (5) (6) (7) or by restriction enzyme mediated insertion (REMI) (8) . Recovery and cloning of the sequences flanking the insertion can be carried out by various forms of plasmid rescue in which restriction digested genomic DNA from a disruptant of interest is recircularized and used to transform Escherichia coli with selection for both the origin of replication (ori) and selectable marker (e.g. Amp R ) on the original shuttle vector (4) (5) (6) 8) . In the case of the most widely used shuttle vectors that encode G418 R for selection of Dictyostelium transformants (e.g. pDNeo2) (2), the insertion contains linear, sometimes rearranged arrays of up to 200 copies of the vector (2, 3, 6, 7) . In these circumstances plasmid rescue is no longer feasible as a strategy for recovery of flanking genomic DNA sequences (6) .
We present here a new cloning strategy, replicon rescue, that is applicable to any plasmid insertion and provides an altemative to plasmid rescue. It is particularly advantageous in the case of multicopy insertions (7), and is essential if rearrangements exist (6) . The strategy is based on the use of a tetracycline resistance cassette to rescue a plasmid replicon (ori-bearing fragment) from the junction of the insertion with the flanking genomic DNA (Fig. 1) . The genomic DNA from the mutant is digested with two different restriction enzymes that will generate a fragment with heterologous sticky ends and a plasmid ori sequence only at the junction between the plasmid insertion and the disrupted gene. This plasmid replicon is then 'rescued' by ligation to a tetracycline resistance cassette with matching sticky ends, transformation into E.coli, and subsequent selection for tetracycline resistance.
The Tet resistance cassette is isolated separately from a new plasmid pPROF70 which was designed for this purpose. This plasmid was constructed by a three fragment ligation involving pUC19, the Tet resistance gene on the 1.5 kb EcoRI/AvaI fragment of pBR322 and a synthetic polylinker that contains unique sites for enzymes that do not cut many commonly used vectors including pDNeo2-the plasmid contained in the insertion of several of our Dictyostelium phototaxis mutants (6) . The Tet cassette is bracketed by two polylinkers, one of which was specifically synthesised and ligated to the Tet cassette via an AvaI restriction site. The other polylinker is that of pUC19, which is present after cloning the composite Tet fragment into the EcoRI site of pUC19. The resulting plasmid pPROF70, offers the choice of many different combinations of restriction enzymes that will generate a Tet resistance cassette with heterologous sticky ends. This variety reduces the risk that the closest restriction site in the flanking genomic DNA may be too distant for efficient cloning.
The enzyme chosen to cut within the synthetic polylinker should be unable to cut within the plasmid insertion in the disruptant. The other enzyme should cut within the plasmid insertion but only rarely elsewhere in the genome of the disruptant. Sse8387I (Amersham) with its eight-base, GC-rich recognition site, is ideal for this purpose in Dictyostelium whose genomic DNA is very AT-rich, making it unlikely that a fragment of clonable size with homologous sticky ends will be generated. Unwanted clonal species can also be found such as background pPROF70 (minimised by increasing the stringency of the Tet cassette purification), and a mixed group of plasmids containing products of rare multifragment ligation events that can be recognised and disregarded because they release a fragment upon digestion with either of the restriction enzymes used.
Because the basis of replicon rescue cloning is selection of a fragment able to replicate autonomously in E.coli, we tested its efficiency by cloning a bacterial chromosomal origin of replication (oriC) from genomic DNA of the bacterium Klebsiella aerogenes that is commonly used as a bacterial food source in D.discoideum cultures. A 6 kb Sse8387I/ApaI fragment was recovered that when initially analysed using restriction mapping, was shown to be different from any pPROF70 derivative. Southern blots * To whom correspondence should be addressed confirmed that the clone was derived from K.aerogenes, that it contained no pUC19 vector sequences and therefore must have carried an ori from K.aerogenes. Restriction and deletion mapping of the minimal ori, combined with subcloning and sequencing, showed that the fragment contained the K.aerogenes chromosomal ori at the expected location within the cloned fragment. Starting from a few hundred nanograms of a miniprep of K.aerogenes genomic DNA this 6 kb clone was recovered in 18 out of 20 transformants, demonstrating the selectivity and efficiency of the replicon rescue strategy.
We have also used replicon resc∈ue successfully with the enzymes ApaI and Sse8387I to clone from an insertion mutant (HPF231) a 1.6 kb fragment of a Dictyostelium gene whose disruption yields a phototaxis-deficient phenotype. Thus two clones were isolated whose restriction maps conformed to expectation (Fig. 1 ) and which were shown by sequencing outwards from the tetracycline resistance gene to contain the same sequence adjacent to the tet cassette. The larger of the two (pPROF116) was used in subsequent work under the assumption that the smaller plasmid had undergone a postcloning deletion. Transformation of the wild-type strain AX2 in targeted disruption experiments with pPROF116 itself or with a subclone of its 1.0 kb SauI fragment yielded phototaxis-deficient Dictyostelium transformants at high frequency: 25-40% of transformants were impaired in phototaxis compared with the normal background rate of 1/600 arising from non-targeted insertions (6) . Such targeted disruption experiments are routinely used in Dictyostelium to determine or confirm the biological function of cloned genes, and in this case verified the isolation of a gene essential for normal phototaxis.
Replicon rescue cloning of fragments flanking a plasmid insertion using ApaI and Sse8387I did not succeed for several other phototaxis-deficient disruptants in spite of the power of double selection for tetracycline resistance and a plasmid ori. These difficulties may have arisen because the AT-richness of D.discoideum DNA resulted in the closest available ApaI restriction sites being too distant to yield a fragment that can be cloned. The average ApaI fragment size in the Dictyostelium genome has been reported to be 630 kb (8) . It remains possible that one of the other enzymes for which the tetracycline resistance cassette provides suitable sites would allow successful replicon rescue of the disrupted genes in these mutants. Similar problems have been observed in cloning D.discoideum genomic DNA using plasmid rescue from disruptants created by the recently developed REMI method for which reported success rates seem similar (9, 10) . In organisms in which the relative nucleotide frequencies are not so biased and restriction sites accordingly more firequent, we would expect a greater success rate. Like any cloning strategy, replicon rescue will not always work, but it does provide a highly selective alternative to plasmid rescue of junction fragments. In the case of our phototaxis-deficient disruptant HPF231, replicon rescue succeeded when the presence of a heavily rearranged insertion caused plasmid rescue to fail (6) . Replicon rescue thus provides a further tool to clone genes of interest in gene disruption transformants of Dictyostelium and other organisms.
